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Abstract 

A search for the Standard Model Higgs boson has been performed with the OPAL detector 
at LEP based on the full data sample collected at 192-209 GeV in 1999 and 2000, 

corresponding to an integrated luminosity of approximately 426 pb _1 . The data are 
examined for their consistency with the background-only hypothesis and various Higgs 
boson mass hypotheses. A lower bound of 109.7 GeV is obtained on the Higgs boson 
mass at the 95% confidence level. At higher masses, the data are consistent with both 
the background and the signal-plus-background hypotheses. 
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1 Introduction 



In the Standard Model [0], the Higgs mechanism || gives mass to the electroweak gauge 
bosons, thus allowing the unification of the electromagnetic and weak interactions. Whether 
the Higgs boson exists is one of the most important open questions in particle physics. 
A number of improvements were made to the LEP collider for the year 2000 data tak- 
ing, which increased the Higgs discovery potential, extending the sensitivity of the Higgs 
boson search to approximately 115 GeV if the data from all four LEP experiments are 
combined. The combination of the preliminary Higgs boson search results of the four 
LEP experiments [[|^| shows an excess of candidates which may indicate the production 
of a Standard Model Higgs boson with a mass near 115 GeV. In this letter we present the 
results of a search for the Standard Model Higgs boson with the OPAL detector at LEP, 
considering particularly the mass hypothesis of 115 GeV. 

Approximately 426 pb _1 of e + e~ annihilation data were collected by OPAL in the years 
1999 and 2000 at centre-of-mass energies in the range 192-209 GeV; this data sample is 
used for the analyses presented in this letter. Searches are performed for the "Higgs- 
strahlung" process e + e~-^H°Z°— >H°ff, where H° is the Standard Model Higgs boson, and 
ff is a fermion-antifermion pair from the Z° decay. For the Yfivv (H°e + e~) final state, 
the contribution from the W + W~ (Z°Z°) fusion process is also taken into account. Only 
the decays of the Higgs boson into bb and t + t~ are considered here. OPAL has already 
reported results from the Standard Model Higgs boson search at e + e~ centre-of-mass 
energies up to 189 GeV |5|,|6[, where a lower mass limit of mn > 91.0 GeV was obtained 
at the 95% confidence level. A similar search procedure is applied here. All data were 
processed with the most up-to-date detector calibrations available. For future publications 
more refined analyses and the final detector calibrations will be used. 



2 OPAL Detector, Data and Monte Carlo Samples 

Details of the OPAL detector can be found in 0. The data used in the analyses correspond 
to integrated luminosities of approximately 216 pb _1 at 192-202 GeV, 80 pb _1 at 203-206 
GeV, and 130 pb _1 at centre-of-mass energies higher than 206 GeV. The total luminosity 
used to search for the Higgs boson varies by ±2% from channel to channel, due to slightly 
different requirements on the operational status of different detector elements. During 
2000 (1999), data were taken at Vi = 200-209 GeV (192-202 GeV) with a luminosity- 
weighted mean centre-of-mass energy of 206.1 (197.6) GeV. 

A variety of Monte Carlo samples was generated at centre-of-mass energies between 
192 and 210 GeV. Higgs boson production is modelled with the HZHA3 generator [Q for 
a wide range of Higgs boson masses. The size of these samples varies from 2000 to 10000 
events for each mass and at each centre-of-mass energy. The background processes are 
simulated with typically more than 50 times the statistics of the corresponding data sam- 
ple. The process (Z/7)*^qq(7) is modelled with the KK2f generator using CEEX [|| for 
the modelling of the initial state radiation. The four-fermion processes (4f ) are simulated 



using grc4f [ 10 1 . The two-photon and other two-fermion processes have a negligible impact 



on the results. The hadronisation process is simulated with JETSET/PYTHIA ||TTJ with 
parameters described in [|l^]. In each search channel, the estimates of the signal efficiency 
and the selected background rate depend strongly on the centre-of-mass energy and are 



thus interpolated on a fine grid. For each Monte Carlo sample, the full detector response 
is simulated in detail as described in 1113 . 



3 Analysis Procedures 

We search for Higgs production in the following final states: H°Z°^bbqq (four-jet chan- 
nel), H°Z°^bb^z/ (missing-energy channel), H°Z°— >bbr + r _ and r + r _ qq (tau channels), 
H°Z°^bbe + e _ and bb fi + fi~ (electron and muon channels). In each channel, a preselec- 
tion is applied to ensure that the events are well measured and are consistent with the 
desired signal topology. A likelihood selection combining 6 to 10 variables depending on 
the search channel is then used to further enrich the signal. 

We use the same analysis techniques described in a previous publication ||, namely 
event reconstruction, b-flavour tagging, lepton (electron, muon and tau) identification and 
kinematic fits to reconstruct the Higgs boson mass. The b-tagging variable B is evaluated 
for each jet to distinguish jets containing b-hadrons from those that do not. The tracking 
and b-tagging performance in the Monte Carlo simulation are tuned using 8.2 pb _1 of 
calibration data collected at y/s « mz at intervals during 1999 and 2000 with the same 
detector configuration and operating conditions as the high-energy data. Figure |TJ(a) 
shows the distribution of B for the calibration data. Comparisons between the data and 
the Monte Carlo simulation are shown in Figure |I|(b) for jets which are found opposite to 
jets passing or failing the b-tagging requirement. The tagging efficiency for b-flavoured 
(udsc-flavoured) jets is modelled by the Monte Carlo simulation to within an accuracy of 
2% (5%). 

The performance of the b-tagging for the data taken at y/s > 192 GeV is checked 
with samples of qq(7) events by selecting hadronic events with the mass of the qq system 
near mz- Figure |l](c) shows the b-tagging variable B for jets opposite b-tagged jets in 
the 2000 sample. The efficiency for tagging udsc flavours is also checked by computing B 
for the jets in a sample of W + W _ — ► qqiv (£—e or /x) obtained with the selection used to 
measure the W + W~ cross-section as shown in Figure [I|(d) . The expectation from the 



Standard Model Monte Carlo describes the data within the relative statistical uncertainty 
of 5-10%. The results of these cross-checks are not used in the evaluation of the systematic 
uncertainties described below. 

Sources of systematic uncertainties are investigated for their effect on the signal de- 
tection efficiencies and the Standard Model backgrounds. The error from the modelling 
of the likelihood selection input variables on the background (signal) rates is 4-8% (1- 
4%), depending on the channel. These uncertainties are evaluated based on comparisons 
of the distributions of the variables in the data and the Monte Carlo. Comparisons of 
alternative Monte Carlo generators for the backgrounds J9"|-|TT|, [T5|] account for an addi- 
tional 3-11% uncertainty in the background rates. The uncertainty in the four-fermion 



cross-section is taken to be ±2% |]16 |. The uncertainties on the detector performance, 
such as the spatial resolution of the tracking and the modelling of the efficiency of the 
silicon microvertex detector, are evaluated source by source with Monte Carlo studies. 
Recent improvements in the knowledge of heavy quark production processes and decays, 
such as the b-hadron charged decay multiplicity |L7j and the gluon splitting rate to heavy 



quarks JT5 |, are taken into account in the analyses by reweighting Monte Carlo events. 
The modelling of the b-hadron production and decay processes is constrained by various 
measurements summarized in ||17|| ; residual uncertainties in these measurements result in 



systematic uncertainties here. In particular, the b-hadron charged decay multiplicity ub 
is varied within rig = 4.955 ± 0.062. The uncertainties from the fragmentation functions 
for b- and c-quarks are obtained by adjusting the mean energy (xe) within the range al- 
lowed by the measurements. The charm and bottom-flavoured hadron lifetimes are varied 
within their errors with negligible effect on all search channels. The total uncertainties 
on the background (signal) rates are 11-15% (5-6%) varying from channel to channel. 

3.1 Event Selections and Mass Reconstruction 

The preselection requirements in the four-jet channel are identical to those of [||]. After the 
preselection, a likelihood selection based on eight variables is applied. For each selected 
candidate, two of the jets are associated to the H° using a likelihood method based on 
the kinematic fit result and the b-tagging information. The mass determined by a H°Z° 
5C kinematic fit for the chosen jet pair gives the reconstructed mass of the Higgs boson 
candidate, m™. Because of the constraints of the kinematic fit, < yfs — mz- The 
variables used in the likelihood selection for the 1999 data are the same as those used in 
our earlier analysis [0. For the 2000 data, however, one variable, the x 2 probability of the 
H°Z° 5C kinematic fit, is replaced by the x 2 probability of a fit imposing an equal-mass 
constraint as used in the OPAL W mass measurement [|l!J in order to further suppress 
the Z°Z° background. 

The selection of the missing-energy channel is very similar to ||. The notable changes 
are: 1) tightening the requirement on the maximum fraction of the visible energy in the 
angular region | cos^l > 0.90 from 50% to 20% in order to further suppress qq(7) back- 
ground (changed only in the 2000 analysis); 2) a looser requirement on the missing mass 
which is now selected in the range from 40 to 140 GeV. Other small changes correspond 
to the scaling of cut values with y/s for variables related to the visible momenta. In the 
construction of the likelihood selection, two new variables are included: 1) the thrust 
value of the event, and 2) the angle between the missing momentum and the direction 
of the most energetic jet. This last variable adds discrimination power especially against 
the process W + W~ — > qjqiV in which the charged lepton is close to one of the jet axes. 
The reconstructed Higgs boson mass m|f c is evaluated using a kinematic fit constraining 
the missing mass to the Z° mass. Because of the fit constraints, m|f c < \/s — mz- 

The event selections in the tau, electron and muon channels are identical to the ones 
used in ||. For the tau channel the reconstructed Higgs boson mass is evaluated (see @) 
with the 3C kinematic fit with the largest x 2 probability fixing either the tau pair invariant 
mass or the jet pair invariant mass to the Z° mass. The reconstructed Higgs boson mass 
is determined by the recoil mass of the electron pair in the electron channel, and with the 
results of a 4C kinematic fit constraining energy and momentum in the muon channel. 
There is no upper bound of m™ at y/s — m<z in the electron and muon channels. 

The numbers of events selected in each analysis after preselection and after the final 
likelihood selection are shown in Table [I] for the data taken at y/s ~ 192 — 209 GeV. 
The errors on the background and signal expectations are the sums in quadrature of the 
individual systematic uncertainties. Distributions of the selection likelihood values £ H z 
in all channels are shown in Figure 0. The number of selected events in all search channels 
is 156 with 146.1±11.9 expected from Standard Model background processes. 

The distributions of the reconstructed masses of the selected events are shown in Fig- 
ure |^. Note that all data taken in the wide y/s range from 192 to 209 GeV are summed 
in the figure, while the expected signal rates strongly depend on y/s. The method used to 



optimise the sensitivity to the signal is described in Section |372| . The background accumu- 
lation at high reconstructed mass in the four-jet channel is dominated by qq events and 
jet-pairing combinatorial backgrounds from the Z°Z° process. The qq background in the 
missing-energy channel also clusters at high reconstructed mass because qq events passing 
the selection requirements are largely composed of events with two or more undetected, 
energetic initial state radiation photons with a small momentum sum along the beam 
direction. The jets in such events are nearly back-to-back, which results in values of mff c 
near the maximum kinematically allowed in the fits, y/s — mi- 



3.2 Confidence Level Calculations 

After the event selections, all results from the various search channels are combined to 
test for the presence of a Standard Model Higgs boson signal. Previous data taken at 
centre-of-mass energies near or below 189 GeV have a negligible impact on the sensitivity 
to Higgs boson signals with mn > 100 GeV and are not included. The cross-sections used 
in computing the confidence level (CL) include the effects of W + W~ and Z°Z° fusion 
processes and their interference with the H°Z° process in the missing-energy and electron 
channels respectively, as calculated using HZHA3 f|. 

In order to compute the confidence levels, a test statistic is defined which expresses 
how signal-like the data are. The confidence levels are computed from the test statistic 
of the observed data and the expected distributions of the test statistic in a large number 
of simulated experiments under two hypotheses: the background-only hypothesis and the 
signal+background hypothesis. The test statistic chosen is the likelihood ratio Q, the 
ratio of the probability of observing the data given the signal+background hypothesis 
to the probability of observing the data given the background-only hypothesis |20|, |2]| . 
The results of all search channels are expressed in fine bins of discriminating variables, 
such as mf| c . The expected signal strength depends strongly on y/s, hence the results 
are considered separately in fine divisions of y/s. In each bin of each channel at each 
y/s the expected Higgs boson signal, s iy and the Standard Model background rate, b i} 
are estimated, and the observed data counts, reported. The depend on the 

mass of the Higgs boson under study (the "test mass"). Each bin is considered to be 
a statistically independent search obeying Poisson statistics. The likelihood ratio Q can 
then be computed |21] as In Q = — J2i s i + J2i n i hi(l + Si/bi). Each event has a weight in 
the sum which depends on the signal-to-background ratio in the bin in which it is found; 
events may be classified by their local s/b values. The confidence level for the background 
hypothesis is (1 — CL&) |^TJ which is the probability in an ensemble of background-only 
experiments of observing a more signal-like Q than is actually observed: 1 — CL;, = 
P(Q > Qobs (background) . A low value of (1 — CL;,) indicates an excess of candidates 
in data compared to the expectation from background. The distribution of (1 — CL;,) is 
uniform between and 1 in an ensemble of background-only experiments. 

Similarly, the confidence level for the signal+background hypothesis is CL S+ ^ = P(Q < 
Qobs I signal + background), and is used to exclude the signal+background hypothesis if it 
has a small value. To eliminate the possibility of excluding a signal to which there is no 
sensitivity, a third quantity is defined CL S = CL s+ ;,/CL5 [[H]]. Results are also presented 
in terms of the signal rate limit n 95 = g m mI2i s i, where g min is the smallest number such 
that the signal hypothesis consisting of gmmSi in each bin yields CL S = 0.05. The signal 
rate limit n 95 depends on the test mass. The technique used to perform the computation 
of the confidence levels is the same as is used in |J. 



In our previous papers, the only discriminating variables used were the values of mjf c . 
Here, the discriminating power is improved by combining m™ with other variables. In 
the four-jet channel, after the jet pairing assignment and mass determination, a new 
test-mass-dependent variable V mass is formed using a likelihood technique in order to 
investigate the compatibility with the signal production hypothesis for a Higgs boson of 
a specific test mass. The variable V mass is based on the following four quantities: 1) the 
combined b-tagging variable £>^ et defined by B^t = B\-B%j {B\ • B% + (1 — B\) • (1 — Bi)) 
for the two jets with the most significant b tags; 2) the energy difference between the 
most energetic and the least energetic jets in the event; 3) Pram, a selection likelihood 
variable (see ||); and 4) the reconstructed Higgs boson mass m™. Signal Monte Carlo 
samples were generated with Higgs boson masses in 1 GeV steps, and V mass is interpolated 
between neighbouring test masses. The distribution of T> mass is shown for a test mass of 
115 GeV in Figure |(a). 

In the missing-energy, electron and muon channels, the selection likelihood value, 
£ H ° Z °, is used to form a two-dimensional discriminant (£ H ° Z °, m™). The cut on £ H ° Z ° is 
chosen to optimise the sensitivity of this new discriminant. In Figures f|(b) and (c), the 
reconstructed mass distributions are shown in slices of the selection likelihoods for the 
electron and muon channels, and for the missing-energy channel, respectively. In each 
channel, the enrichment of the signal depends on both the likelihood value and on mjf\ 
For the tau channels, only the reconstructed mass is used for the discriminant as in ||. 

The systematic uncertainties on the signal and background expectations in each chan- 



nel are treated using an extension of the method described in [22|. Uncertainties described 



in Section |^ are assumed to be 100% correlated if they arise from the same source in dif- 
ferent channels, in the signal and background estimations, and at different centre-of-mass 
energies. The current uncertainty on the beam energy for the 2000 data is expected to 
be of the order of 100 MeV, and would therefore affect the limits by ~ 200 MeV. The 
uncertainty on the integrated luminosity is estimated to be 0.3%. Both of these errors 
are neglected. 



4 Results 

Figure ||(a) shows (1 — CLb) as a function of the test mass ran. It attains its lowest value 
of 0.02 at mn = 107 GeV, indicating a local excess of candidates. The probability to 
observe such an excess anywhere in the range of test masses between 100 and 120 GeV 
is approximately 10%, estimated from the size of the range and the reconstructed mass 
resolution. The value of (1 — CL b ) observed at m H =115 GeV is 0.2. Figure |5](a) also 
shows the expected (1 — CL;,) in the presence of a 115 GeV Higgs boson signal. 

The signal rate limit ng^ is shown as a function of mn in Figure |5| (b) together with 
its median expectation in an ensemble of background-only experiments. Figure |5] (b) 
also shows the expected accepted signal rate. Where the signal rate curve crosses the 
n 95 curve is the 95% CL exclusion limit on mn, and the expected limit is where the 
median expected ngs curve crosses the accepted signal rate curve. A lower mass bound of 
109.7 GeV is obtained, and the expected limit is 112.5 GeV. In particular, the hypothesis 
mn=107 GeV is excluded at the 98% CL (CL S = 0.02) even in the presence of the excess 
candidates because the excess in the data is not large enough to be consistent with the 
expected signal rate from a Standard Model Higgs boson of that mass. 

The candidates with the largest weights, ln(l + s/b), in each channel for test masses 



of 115 GeV are listed in Table 0. Figure ^| shows the distributions of ln(l + s/h) of each 
candidate as a function of the Higgs boson test mass for the candidates collected in 1999 
and 2000. The region of test mass for which a candidate's contribution is significant 
depends on the mass resolution of the candidates in the channel, and the normalization of 
the curve depends on the candidate b-tags, the kinematic variables, the Higgs boson cross- 
section and the local background near the reconstructed candidate mass. Deviations from 
smoothness of the curves are due to Monte Carlo statistics; this uncertainty is included 
in the confidence level computation. 

The most significant candidate for a Higgs boson search for a test mass mn = 115 GeV 
(candidate #1) is found in the four-jet channel. For the jet-pairing chosen by the jet- 
pairing likelihood function, the event has a reconstructed Higgs boson mass of 110.7 GeV. 
The second most significant candidate (#2) is also found in the four-jet channel, with a 
reconstructed mass of 112.6 GeV. No jet pairing yields a reconstructed Higgs boson mass 
close to the Z° mass in either of these two candidates. 

The observed low value of (1 — CL fc ) at 107 GeV is caused by candidates which have 
relatively high weights at around 105-110 GeV seen in Figure || For the tau channel 
candidate #5, the reconstructed mass is taken from the invariant mass of the jets after a 
3C kinematic fit where the tau pair mass is constrained to the Z° mass. The tau pair mass 
is 91 GeV if a 2C fit is performed. The muon channel candidate #7 significantly affects 
the results of the confidence level calculations around 100-105 GeV since its likelihood 
£ H ° Z ° is very close to one. 

The observed —2 InQ is shown as a function of the test mass mn in Figure (a). Also 
shown are the 68% and 95% probability contours centred on the median expectation. Fig- 
ure (b) shows the probability density functions of —2 In Q for the signal+background 
hypothesis with mn = 115 GeV, and also for the background hypothesis. The separation 
between the two hypotheses is not strong. The background confidence level (1 — CL&)=0.2 
is the integral of the background-only probability density to the left of the data obser- 
vation, and CL s+ b = 0.4 is the integral to the right of the data observation of the sig- 
nal+background curve. The data are slightly more consistent with the presence of a 115 
GeV Higgs boson than with the background alone. 

5 Conclusions 

A search for the Standard Model Higgs boson has been performed with the OPAL de- 
tector at LEP based on the full data sample collected at y/s ^192-209 GeV in 1999 and 
2000. The largest deviation with respect to the expected Standard Model background 
in the confidence level for the background hypothesis, (1 — CL&), is observed for a Higgs 
boson mass of 107 GeV with a minimum (1 — CL&) of 0.02, but the observed excess is less 
significant than is expected for a Standard Model Higgs boson with a 107 GeV mass. A 
lower bound of 109.7 GeV on the mass of the Standard Model Higgs boson is obtained at 
the 95% confidence level while the median expectation for the background-only hypothesis 
is 112.5 GeV. For a Higgs boson with a mass of 115 GeV, (1 — CL&) is approximately 0.2 
while CL s+ {, is approximately 0.4, indicating that the data slightly favour the hypothesis 
that a signal is present, but also that the data are consistent with the background hy- 
pothesis. These data alone provide little discrimination between the signal+background 
and background hypotheses for Higgs boson masses above 112 GeV, but more statistically 



powerful conclusions may be reached by combining the data presented here with those of 
the other LEP experiments |23 . 
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Table 1: The number of events after preselection and after the final likelihood selection 
for the 192-209 GeV data and the expected background. The errors on the total back- 
ground and the expected Higgs signal include all systematic errors. The last two columns 
show the detection efficiencies (and the numbers of expected signal events in parenthe- 
ses) for a Higgs boson with m.ft=110 GeV and 115 GeV. For the four-jet channel, the 
efficiency is computed only for H°—» bb decays, and for the tau channel for the processes 
H°Z°^t + t~ (H°— >aii) or H°Z°— >qqr + T~ assuming Standard Model branching fractions. 
For other channels, the efficiency is for all decays of the Standard Model Higgs boson. 
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Electron 
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3.02 
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Table 2: The candidates with the largest weights for the 115 GeV Higgs hypothesis in 
each channel. The columns labeled mff c and £ H z are the reconstructed Higgs mass 
and selection likelihood values, respectively. The next three columns give the signal to 
background ratio (s/b) using the discriminants which are used in the confidence level 
calculation. The s/b values for Higgs boson test masses of 105, 110 and 115 GeV are 
shown. For the four-jet and the missing- energy channels, all candidates with s/b larger 
than 0.20 for 115 GeV are listed. For the tau, electron and muon channels, the candidates 
with the largest s/b for the 115 GeV hypothesis are listed in the lower portion of the table. 
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Figure 1: The b-tagging performance and modelling for (a—b) calibration data taken at 
y/s = m z in 2000, and (c-d) at ^ between 200-209 GeV in 2000. (a) The distribution 
of the b-tagging variable B for jets in data compared to the Monte Carlo expectation, 
(b) The bin-by-bin difference between data and Monte Carlo simulation for jets opposite 
non b-tagged jets (circles) and for jets opposite b-tagged jets (squares), (c) The b-tagging 
output, B, for jets opposite b-tagged jets in a sample of qqy events, and (d) for jets in a 
sample of W + W~ — > qqe~z7 e and W + W _ — > qq/i~F M events (and charge conjugates). The 
histogram in (d) shows the distribution from the four-fermion Monte Carlo samples. 
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Figure 2: The distributions of the likelihood output variables in H°Z° searches for the 1999 
and 2000 data in: (a) the four-jet channel, (b) the missing-energy channel, (c) the tau 
channel t + t~ qq, (d) the tau channel bbr + r~, (e) the electron channel and (f) the muon 
channel. OPAL data are shown with points, backgrounds with the shaded histograms, 
and the expectation from a signal with mn=115 GeV with the dashed histograms (scaled 
up by a factor of 100 for visibility.) 
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Figure 3: The reconstructed mass distribution for the selected events in the 1999 and 2000 
data for (a) the four-jet channel, (b) the missing-energy channel, (c) the tau channels, 
and (d ) the electron and muon channels combined. The first bin in (a ) contains all events 
with x 2 probability of the H°Z° 5C kinematic fit < 10~ 5 for chosen jet-pairings. The 
dark (light) grey area shows the expected contribution from the qq(7) (four-fermion) 
process. The Standard Model signal expectation for 115 GeV is shown with the very dark 
histograms on top of the Standard Model backgrounds. 
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Figure 4: (a) The distribution of the variable T> mass in the four-jet channel for a test 
mass of 115 GeV. (b) The reconstructed mass distribution in the electron and muon 
channels for the likelihood ranges of 0.9-1.0, 0.5-0.9, and range between the selection 
cut values (0.2 for the electron channel and 0.3 for the muon channel) and 0.5. (c) The 
reconstructed mass distribution in the missing- energy channel for the likelihood ranges of 
0.8-1.0, 0.5-0.8, and 0.2-0.5. In all distributions, the data for ^/s > 204 GeV are shown 
with points, and the expected qq(7) backgrounds are shown with dark-shaded histograms 
and the expected four-fermion backgrounds are shown with light-shaded histograms. The 
expected distributions from a 115 GeV Higgs boson signal are shown with very dark- 
shaded histograms. 




Figure 5: (a) The confidence level for the background-only hypothesis, (1 — CL&), as a 
function of the Higgs boson test mass. The dotted curve represents the median expectation 
assuming the presence of the Standard Model Higgs boson with a 115 GeV mass. The 
dark (light) shaded bands indicate the 68% (95%) probability intervals centred on 0.5, the 
median expectation in the absence of a signal, which is indicated with a dot-dashed line, 
(b) Upper limits on the signal counts at the 95% confidence level (n 95 ), as observed (solid 
line) and the expected median (dot-dashed line) for background-only experiments, as a 
function of the Higgs boson test mass. The expected rate of the accepted signal counts 
for a Standard Model Higgs boson with a mass equal to the test mass is shown with the 
dotted line. The shaded bands are the 68% and 95% probability intervals centred on the 
median background expectation. The range for the test mass mn is chosen in both (a) 
and (b) to extend to 85 GeV to show the consistency of the 1999 and 2000 OPAL data 
with the background expectations near the Z° peak, even though previous OPAL search 
results H/ are sensitive to test masses below 100 GeV. 




Figure 6: The ln(l + s/b) distributions as a function of the Higgs boson test mass for each 
candidate collected in 1999 and 2000 for (a) the four-jet channel, (b) the missing-energy 
channel, (c) the tau channels, and (d) the electron and muon channels. Each curve in the 
plots represents the ln(l + s/b) of each candidate as a function of the Higgs boson test 
mass. The dotted lines show the contributions of the candidates listed in Table [|. 




Figure 7: (a) The log-likelihood ratio — 2\nQ comparing the relative consistency of the 
data with the signal+background hypothesis and the background-only hypothesis, as 
a function of the test mass m^. The observation for the data is shown with a solid 
line. The dashed line indicates the median background expectation and the dark (light) 
shaded band shows the 68% (95%) probability intervals centred on the median. The 
median expectation in the presence of a signal is shown with a dot-dashed line where 
the hypothesized signal mass is the test mass, (b) The — 21nQ distribution expected 
in a large number of fictitious background-only experiments (solid histogram), and in a 
large number of fictitious experiments in the presence of a 115 GeV Higgs boson (dashed 
histogram) . The observation in the data is shown with a vertical solid line. 



